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As  part  of  an  Army-wide  expansion  and  modernization  program,  the  safety  of  M55 
detonators  at  various  points  within  automated  inspection  equipment  was  studied 
using  an  MRC  Corporation  prototype.  Test  results  will  be  used  to  establish 
safety  criteria  for  new  manufacturing  LAP  facilities.  The  program  to  determine 
the  safety  of  the  equipment  was  drafted  by  ARRADCOM  and  was  subsequently  divided 
into  six  separate  phases:  input /output  transfer  tests,  intra-tray  propagation 
tests,  indexing  dial  spacing  tests,  rejected  detonator  container  tests,  indexing 
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20.  ABSTRACT  (cont) 

dial  nest  integrity  tests,  and  shipping  tray  integrity  tests. 

Results  of  these  tests  indicated  that: 

1.  A  maximum  of  four  detonators  can  ignite  simultaneously  without  rup¬ 
turing  the  outer  field. 

2.  A  minimum  shield  height  of  50.8  ran  is  required  for  complete  non¬ 
propagation  between  detonators  within  a  single  tray. 

3.  The  existing  machine  spacing  of  50.0  an  between  detonators  on  the 
inspection  dial  is  sufficient. 

4.,  The  prototype  container  is  safe  for  storage  of  200  to  300  detonators 

5.  There  was  no  detonator  reaction  upon  transfer  to  the  dial  nests  at 
transfer  rates  of  13.7  m/sec. 

6.  A  safe  transfer  is  possible  when  using  the  MRC  metering  valve;  the 
setting  on  the  valve  should  not  exceed  the  2.0  setting. 
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INTRODUCTION 


At  the  present  time,  an  Army-wide  modernization  program  is  underway  to  up¬ 
grade  existing  installations  and  to  develop  new  explosive  manufacturing  and  LAP 
(Load,  Assembly,  Pack)  facilities.  This  effort  will  enable  the  US  Army  to  achieve 
increased  production  cost-effectiveness  with  improved  safety..  As  a  part  of  this 
overall  program,  the  Manufacturing  Technology  Division,  Large  Caliber  Weapon  Sys¬ 
tems  Laboratory,  ARRADCOM,  Dover,  New  Jersey,  is  engaged  in  the  development  of 
safety  criteria  as  an  activity  entitled  ’’Safety  Engineering  in  Support  of  Ammuni¬ 
tion  Plants."  These  criteria  will  be  used  as  part  of  the  basis  for  the  design  of 
explosive  production  installations  due  for  modernization,  including  Government- 
owned,  contractor-operated  ammunition  plants.  The  activities  covered  in  this  re¬ 
port  provide  safety  data  to  specifically  support  modernization  activities  of  the 
MRC  Corporation  in  the  development  of  the  prototype  Automated  In^^ction  Equipment 
(AIE)  for  the  M55  Stab  Detonator. 

The  AIE  for  the  M55  Stab  Detonator  requires  a  100  percent  inspection  of  fin¬ 
ished  stab  detonators.  It  is  configured  into  four  identical  inspection  modules. 

The  inspection  equipment  has  a  through-put  requirement  of  200  ppm,  ».-ith  each 
module  operating  at  50  ppm.  The  modules  use  an  indexing  dial  with  a  nominal  cycle 
time  of  one  second  (750  millisecond  dwell).  A  pneumatic  p f  msfer  method  is 
employed  for  the  in-feed.  Since  this  is  a  new  design  technique,  c'rpetiments  of 
this  study  were  conducted  to  determine  the  safety  of  the  pneumatic  transfer  system. 


The  objective  of  this  study  was  to  establish  the  effectiveness  of  the  planned 
ilRC  automatic  detonator  inspection  machine  and  suppertive  conveying  systems  to 
provide  suppression  of  accidental  detonator  initiations. 


EXPERIMENTAL  METHODS 


MATERIAL 


M55  Stilt  detonators  were  rea«.iv-  ’  from  the  Lone  Star  Army  Ammunition  Plant, 
Lot  Nunioer  LS-  307-125,  nanufacto  vd  2-  "1--80.  The  detonators  were  received  pack¬ 
aged  50  detonators  per  cardboard  .  r..--.  20  trays  per  carton,  and  five  cartons  per 
wooden  bux. 

MRC  provided  the  dial  indexing  integrity  test  fixture  and  tube-to-dial  inter¬ 
face  adapter.  A  Deltron  Fluid  Products  metering  valve,  model  EFC  20,  was  later 
supplied  by  MRC  for  the  indexing  dial  integrity  test  and  the  shipping  tray  integ¬ 
rity  test. 
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TEST  PLAN 


The  test  program  was  divided  into  six  phases:  phase  1,  input /output  trans¬ 
fer  tube  tests;  phase  2,  intra-tray  propagation;  phase  3,  indexing  dial  spacing; 
phase  4,  reject  detonator  container;  phase  5,  indexing  dial  nest  integrity  tests; 
and  phase  6,  shipping  tray  integrity  tests.  Each  phase  is  described  in  detail.. 

Phase  i :  Input/Output  Transfer  Tests 

The  objective  of  these  tests  was  to  determine  the  effectiveness  of  the  lexan® 
cover  shield  38.1  mm  OD  by  32.0  mm  ID  by  609.6  no  long  (1.5  in.x  1.26  in.  x  24  in} 
to  contain  an  accidental  detonator  initiation  within  the  transfer  tube.  A  series 
of  50  tests  were  to  be  conducted  where  a  single  detonator  was  to  be  pneumatically 
propelled  through  an  inner  transfer  tube  (6.35  ma  OD  by  4.138  mm  ID  (0.25  in.  by 
0.17  in)  Poly-Flo  #44P  plastic  tubing  with  2758  kPa  (400  psi)  burst  pressure] 
aligned  with  a  second  stationary  detonator  (acceptor)  in  a  parallel  transfer  tube 
(figure  1).  A  total  of  10  exploratory  and  50  confirmatory  tests  were  to  be  con¬ 
ducted.  The  observed  results  were  to  determine  if  the  outer  shield  remained  intact. 
A  second  series  of  tests  were  to  be  conducted  employing  multiple  detonators  in  the 
transfer  tube  at  the  same  time  to  determine  the  maximum  quantity  of  detonators  that 
could  be  initiated  without  rupturing  the  outer  Lexan®  shield.  Once  this  upper  unit 
of  detonator  initiations  was  determined,  10  confirmatory  tests  were  to  be  conducted 
for  statistical  validity. 

Phase  2:  Intra-tray  Propagation  Tests 

The  objective  of  this  test  series  was  to  determine  potential  detonations  with¬ 
in  locations  of  the  loading  and  transfer  trays  of  various  designs  and  materials. 

Data  were  also  to  be  provided  as  to  the  height  of  the  Lexan®  shield  that  is  located 
above  the  transfer  trays.  A  single  aluminum  pallet  filled  with  50  stab  detonators 
was  to  have  a  detonator  initiated  from  the  bottom  by  a  starter  pin.  A  Lexan®  shield 
12.7  tm  thick  by  152.4  mm  wide  by  609.6  mm  long  (0.5  in.  by  6  in. by  24  in)  was  to  be 
positioned  at  an  initial  height  of  19.05  mm  (0.75  in)  above  the  pallet  (figure  2). 

If  intra-propagation  occurred,  the  height  or  the  Lexan®  shield  was  to  be  raised  to 
a  maximum  height  of  63.5  mm  (2.5  in).  IJ  intra-propagation  occurred  at  this  height, 
the  acceptor  pallets,  one  on  each  side  o.‘  the  donor,  would  be  tested  for  minimum 
safe  separation  distance  between  pallets.  A  total  of  50  confirmatory  tests  were  to 
be  conducted  in  the  intra-propagation  configuration  and  25  confirmatory  tests  in  the 
inter-tray  propagation  configuration. 

Phase  3:  Indexing  Dial  Spacing 

The  objective  of  this  test  series  was  to  determine  if  the  proposed  detonator 
separation  of  the  inspection  machine  indexing  dial  was  sufficient  to  prevent  propa¬ 
gation  of  an  explosive  incident.  The  inspection  machine  rotates  the  detonators 
through  the  various  inspection  points  on  a  circular  indexing  dial  that  receives  and 
meets  the  detonators  at  the  incut  station,  and  finally  ejects  the  detonators  at  the 
output  station.  Within  the  machine,  the  detonators  are  equally  spaced  around  the 
circumference  of  the  indexing  dial.  MRC  supplied  3  test  fixture  (figure  3)  to 
simulate  the  equal  spacing  of  the  dial  test  fixture.  An  acceptor  detonator  was  to 
be  oriented  in  the  same  manner  as  the  donor  at  a  distance  of  49.78  mm  (1.96  in). 

A  firing  pin  was  to  be  used  to  initiate  the  donor.  Acceptance  criteria  was  to  be 
the  non-propagation  of  the  acceptor.  A  total  of  50  tests  (10  exploratory  and  40 
confirmatory)  were  tc  be  conducted  in  this  configuration. 
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Phase  4:  Rejected  Detonator  Container 


During  the  normal  operation  of  the  inspection  machine,  any  detonator  that  is 
rejected  is  transferred  to  a  separate  container  within  the  inspection  machine.- 
Whenever  the  quantity  of  rejected  detonators  exceeds  a  predetermined  number,  a 
signal  is  sent  requiring  that  the  reject  container  be  emptied.  The  objective  of 
these  tests  was  to  determine  the  structural  integrity  of  the  proposed  detonator 
reject  container  and  the  maximum  quantity  of  detonators  in  the  event  of  initia¬ 
tion.  The  initial  test  series  was  to  be  conducted  on  the  test  fixture  (figure  4).- 
Varying  numbers  of  detonators  (150  to  500)  were  to  be  placed  inside  the  reject  con¬ 
tainer  in  a  styrofoam  cup  and  initiated  with  a  32  blasting  cap.  Static  pressure 
and  temperature  measurements  were  to  be  obtained.. 

Phase  5:  Indexing  Dial  Nest  Integrity  Tests 

The  inspection  machine  indexing  dial  nest  receives  the  detonators  from  the 
transfer  tube  via  pneumatic  transfer.  Maximum  pressure  in  the  event  of  regulator 
failure  is  689  kPa  (100  psi)  and  the  normal  transfer  pressure  is  345  kPa  (50  psi). 
The  transfer  pressure  is  forced  through  a  metering  valve  so  that  the  transient 
time  averages  325  milliseconds  for  a  1.22-meter  (4-foot)  distance.  The  test  setup 
is  shown  in  figure  5.  A  minimum  of  50  tests  (10  exploratory  and  40  confirmatory) 
were  to  be  conducted  in  this  configuration. 

Phase  6:  Shipping  Tray  Integrity  Tests 

The  objective  of  these  tests  was  to  determine  the  potential  for  detonator 
function  upon  insertion  into  a  cardboard  pallet.  Upon  completion  of  the  inspec¬ 
tion  procedure,  the  machine  ejects  the  detonators  from  the  indexing  dial  nest  and 
transfers  them  pneumatically,  with  an  average  transient  time  of  approximately  300 
milliseconds  at  an  operational  pressure  of  345  kPa  (50  psi).  Again,  these  tests 
were  to  be  conducted  at  a  maximum  allowable  pressure  of  689  kPa  (ICO  psi).  Accep¬ 
tance  test  criteria  was  to  be  non-functioning  when  the  detonators  were  inserted 
pneumatically  into  the  shipping  trays.  This  test  configuration  is  shown  in  fig¬ 
ure  6.  A  minimum  of  50  tests  (10  exploratory  and  40  confirmatory)  were  to  be 
conducted  at  maximum  pressure. 

INSTRUMENTAT ION 


Pressure  measurement®  fcr  the  reject  detonator  container  were  to  be  obtained 
using  two  strain  gauge  pressure  transducers.  A  DYNISCO  Model  PT  119G-50  [0-34^7 
kPa  (0-50  psi)]  and  an  MB  Electronics  Model  151-15C-194  [0-1724  kPa  (0-250  psi) } 
were  attached  to  the  reject  container  through  a  common  port  The  transducers  were 
to  be  pneumatically  calibrated  prior  to  the  beginning  of  each  test  series  to 
correspond  to  the  maximum  output  of  the  transducer.  A  Cnromel/Alumel  thermocouple 
was  to  be  installed  in  the  fixture  to  measure  the  reaction  temperature.  Instrumenta¬ 
tion  setup  is  shown  in  figure  7. 
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RESULTS 


DATA  ANALYSIS 

Initally,  exploratory  tests  were  conducted  in  which  a  reversal  type  of  re¬ 
action  was  obtained.  That  is,  when  the  initial  test  setup  of  the  series  did  not 
cause  an  acceptor  item  to  function,  then  the  item  was  subjected  to  a  more  severe 
donor  reaction  (i.e.,  closer  distance)  until  the  acceptor  item  was  caused  to  func¬ 
tion  by  the  donor  reaction.  When  this  occurred,  a  distance  at  which  there  was  no 
acceptor  reaction  was  empirically  determined.  Once  this  distance  was  verified, 
a  series  of  confirmatory  tests  were  performed  to  provide  statistical  validity. 


The  probability  of  the  occurrence  of  a  propagation  is  dependent  upon  the 
degree  of  certainty  or  confidence  level  involved  and  has  lower  and  upper  limits. 

The  lower  limit  for  all  confidence  levels  is  zero,  and  the  upper  limit  is  a  func¬ 
tion  of  the  number  of  observations  of  the  acceptor  items  tested  without  a  reaction. 
Each  observation  is  independent  of  each  of  the  other  observations,  having  a  con¬ 
stant  probability  of  occurrence .-  The  number  of  reactions  (x^  In  a  given  number  of 
observations  (rj)  will  have  a  binomial  distribution.  The  estimated  probability  (p) 
of  a  reaction  occurring  is  leprescr.tcd  by  the  expression 


The  expected  value  of  x  is  given  by: 

E(X>  -  .  (2) 

Each  confidence  level  will  have  a  specific  upper  limit  (p2>  depending  upon 
the  number  of  observations  involved.  The  upper  probability  limit  for  a  given  con¬ 
fidence  level  («)  where  a  reaction  is  not  observed  is  expressed  as: 


(1  -  P2)" 


where  E  =  (1  -  «)/2  and  «  <  1.0 


Fifty  confirmatory  tests  should  result  in  a  7.11  percent  probability  at  a  95 
percent  confidence  level. 

TEST  RESULTS 

Test  results  are  shown  in  tables  1  through  7;  figures  8  through  13  are  se¬ 
lected  photographs  of  test  results.  Exploratory  tests  are  noted  by  an  (E)  prefix 
and  the  confirmatory  tests  are  denoted  by  a  (C)  prefix.  If  the  10  exploratory 
tests  did  not  react,  they  were  counted  as  part  of  the  total  confirmatory  tests. 
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DISCUSSION 

Phase  »:  Input/Output  Transfer  Tub*  Tests 

Test  results  of  a  single  detonator  with  a  single  acceptor  are  given  in 
table  1.  A  total  of  10  exploratory  and  40  confirmatory  tests  were  conducted. 

The  outer  shield  did  not  rupture,  but  a  slight  bulge  was  noticeable  after  every 
tnrte  or  four  initiations.  The  donor  detonator  was  pneumatically  transported 
through  a  609.6-mm  (24-in}  plastic  tube  striking  a  tiring  pin;  an  acceptor 
detonator  was  parallel.  The  donor  inner  plastii  tube  would  rupture  at  the  point 
of  initiation.  The  acceptor  detonator  would  function  and  the  acceptor  inner  tube 
would  also  rupture.  In  12  of  the  50  tests,  the  acceptor  detonator  did  not  func- 
ti»M.  This  was  caused  bv  o)t»v-back  pressure  when  the  donor  detonator  was  being 
tra  .sported.  The  outer  shield  was  effective  in  preventing  fragment ition  when  a 
single  donor  detonator  and  a  single  acceptor  detcnacoi  were  simultaneously  ignited. 

Table  2  shows  result.;  of  the  multiple  detonator  transport  tests,  t'nen  three 
donors  ind  three  acceptors  were  initiated,  a  small  hole  6.35  mm  {0.25  in.)  in  dia¬ 
meter  was  made  in  the  outer  shield.  Figures  8,  9,  anc  IQ  show  visiole  results  of 
these  tests.  The  diameter  of  the  hole  increased  with  each  successive  t^st  when 
additional  acceptor  and  donor  deton  tcrs  were  added.  The  exploratory  tests  using 
five  don 'r  and  five  acceptor  detonators  resulted  in  a  25.4  mm  (1  in.)  hole  in  the 
Lexan®  tube.  Since  the  outer  shield  tubing  was  not  defeated  using  two  donor  and 
two  acceptor  detonations,  the  confirmatory  tests  were  conducted  in  this  configura¬ 
tion.  There  was  no  rupture  of  th°  cuter  shield  but  there  was  noticeable  bulging. 

Phase  2:  Tntra-Tray  Propagation  Test 

Table  3  depicts  the  results  of  these  tests.  The  initial  exploratory  and  con¬ 
firmatory  tests  were  conducted  at  a  height  of  19.05  nc  (0.75  in}.  However,  at 
test  "umber  C2\  there  was  complete  detonation  of  all  50  stab  detonators.  The 
LexanS  shield  was  shattered  and  the  test  fixture  was  damaged.  The  damage  is  shown 
in  figures  11,  12,  and  !3.  Based  upon  the  test  results,  the  height  of  the  shield 
was  raised  to  38.1  ran  (1.5  in} .  Propagation  of  two  detonators  occurred  on  test 
number  11+  Neither  acceptor  detonator  was  adjacent  to  the  donor.  The  height  of 
the  shield  was  raised  to  50.8  cm  (2  in)  and  50  confirmatory  tests  were  conducted 
without  incident.  Because  intra-propagation  did  not  occur  at  this  height  (50.8  mm 
(2  in)],  the  muHi-trav  tests  were  not  cenoucted. 

Phase  3:  Indexing  Dial  Spacing 

A  total  of  10  exploratory  and  40  confirmatory  tests  were  conducted.  There 
was  no  propagation  between  donor  and  acceptor.  However,  the  test  fixture  supplied 
by  MRC  had  to  be  refurbished  after  six  to  ten  tests  due  to  the  uamage  by  the  donor 
reaction.  On  tests  E4,  Cl,  C2,^  and  C6  the  acceptor  had  evidence  of  flash  bums 
from  the  donor  reaction.  The  test  results  ere  shown  in  table  4. 

Phase  4:  Pejected  Detonator  Container 

Test  results  3re  given  in  table  5.  The  initial  test  series  consisted  of  three 
tests,  each  with  20C  star  detonators  in  the  reject  container.  The  average  pressure 
was  2523  kPa  (366  psi)  ar.d  the  average  temperature  was  150°C.  There  was  no  failure 
cf  the  pressure  vessel.  A  test  consisting  of  300  stab  detonators  resulted  in  a 
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measured  pressure  value  of  2889  kPa  (419  psi)  and  a  temperature  measurement  of 
173°C.  The  500  stab  detonator  test  caused  no  failure  of  the  pressure  vessel, 
but  there  was  violent  eruption  around  the  flange.  The  pressure  measurement  was 
3378  kPa  (490  psi)  and  the  temperature  was  196°C.  A  single  test  was  conducted 
at  the  400  detonator  level  and  the  vessel  reaction  was  less  violent.  The  maximum 
pressure  was  2841  kFa  (412  psi)  and  the  maximum  temperature  was  177eC. 


A  note  of  caution  should  be  taken  in  that  the  reject  detonator  container  used 
for  these  tests  was  a  completely  closed  vessel,  whereas  the  actual  vessel  in  the 
MRC  inspection  stations  has  an  entry  port  where  the  rejected  detonators  must  enter. 
The  actual  reject  container,  then,  would  vent  the  expanding  gases. 


Phase  5:  Indexing  Dial  Nest  Integrity  Test 


A  total  of  seven  exploratory  tests  were  conducted  varying  the  metering  value 
setting  from  5  to  1.5.  This  represents  a  transfer  rate  between  13.7  m/sec  to  6 
m/sec  (85  ft/sec  to  20  ft/sec)  respectively.  Thr re  were  no  reactions  at  any  set¬ 
ting  using  689  kPa  (100  psi).  A  value  setting  of  1.5  with  a  transfer  rate  of  6 
m/sec  (20  ft/sec)  was  similar  to  the  transfer  rate  used  by  MRC;  therefore,  the  50 
confirmatory  tests  were  conducted  at  this  setting.  Test  results  are  given  in 
table  6. 


Phase  6:  Shipping  Tray  Integiity  Test 


A  total  of  36  exploratory  and  50  confirmatory  tests  were  conducted  and  the 
results  are  given  in  table  7.  Initially,  the  stab  detonators  reacted  when  trans¬ 
ported  at  both  690  kPa  and  345  kPa  (100  psi  and  50  psi).  Testing  was  conducted 
on  this  test  series  until  a  metering  valve  was  supplied  by  MFC.  The  tests  were 
then  repeated  utilizing  different  settings.  The  final  setting  on  the  metering 
value  was  2.0  as  the  stab  detonators  had  reacted  at  settings  from  5  to  3.  Another 
difficulty  noticed  was  that  the  donor  would  not  always  seat  into  the  pallet  cor¬ 
rectly.-  Once  a  proper  valve  setting  was  established,  50  confirmatory  tests  were 
conducted  without  incident.  However,  the  metering  valve  setting  is  critical. 
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CONCLUSIONS 


The  results  of  the  input/output  transfer  tuba  tests  determined  that  an  outer 
shield  constructed  of  Lexan®  tubing  38.1  mm  (1.5  in}  Ob  by  32.0  mm  (1.26  in}  ID 
is  effective  when  two  donors  and  two  acceptors  in  adjacent  inner  plastic  tubes 
ignite  simultaneously.'  Therefore,  a  maximum  number  of  four  detonators  can  ignite 
simultaneously  without  rupturing  the  outer  shield. 

Intra-tray  propagation  can  occur  when  a  single  detonator  is  initiated.  The 
minimum  shield  height  to  prevent  intra-tray  propagation  is  established  as  50.8  can 
(2  in}  above  the  tray  surface. 

The  MRC  spacing  of  50  mm  between  detonators  on  the  inspection  dial  is  suffi¬ 
cient  to  preclude  propagation  in  the  event  of  in  accidental  initiation. 

The  results  of  the  rejected  detonator  container  tests  indicate  that  a  maxi¬ 
mum  of  300  detonators  is  the  upper  limit  to  preclude  serious  damage  to  inspection 
machinery. 

The  results  of  the  indexing  dial  test  indicate  that  there  is  no  detonator 
reaction  upon  transfer  to  the  dial  nest  at  transfer  rates  up  to  13.7  m/sec.  How¬ 
ever,  the  metering  valve  setting  is  critical. 

The  results  of  the  shipping  tray  integrity  tests  indicate  that  a  safe  trans¬ 
fer  is  possible  when  using  the  MRC  metering  valve,  and  the  setting  on  the  valve 
should  not  e.-.ceed  the  number  2.0  setting. 


RECOMMENDATIONS 

Based  upon  the  test  results,  it  is  recommended  that  the  findings  of  this  re¬ 
port  should  be  considered  in  the  design,  acceptance,  and  operation  of  the  MRC 
Automated  Inspection  Equipment  for  M55  Stab  Detonators. 


Table  1.  Input/output  transfer  tube  results 


Table  2.  Multiple  detonator  in  input/output  transfer  tube  test  results 
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Table  3.  Ir. 
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Table  3.  Intra-tray  propagation  test  results  (cont) 
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Table  5.  Phase  4,  test  results  for  rejected  detonator  container 


Test 

number 

Nuaber 

of 

detonators 

Pressure 

Temperature 

Remarks 

I2S2 

•c 

OF) 

1 

200 

2668 

087) 

156 

012.8) 

Reaction  self  contained 

2 

200 

2441 

(354) 

149 

(300.2) 

Leak  at  flange 

3 

200 

2468 

058) 

144 

(291.2) 

Pressure  vessel  held 

4 

300 

2889 

(419) 

173 

(343.4) 

Pressure  vessel  held 

5 

400 

3130 

(454) 

177 

(350.6) 

Slight  pressure  vent  through  flange 

6 

500 

3413 

(495) 
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(384.8) 

Violent  venting  around  flange  area 

Table  6.  Indexing  dial  and  nesting  test  results 


Test 

numoer 


Humidity 

X 


Metering  Donor 
Valve  reaction 

Setting  Yes  I  No 


Detonator 
_ aligned 

Yea  |  No  Remarks 


Txfr  rate  la  25  ft/aec 


Txfr  rate  la  27  ft/sec 


Txfr  rate  la  30  ft /sec 


Txfr  rata  Is  38  ft/aec 


Txfr  race  1b  AO  ft/sec 


Txfr  rate  la  45  ft /sec 


Txfr  rate  la  20  ft/sec 


Less  scaring  of  plas¬ 
tic  tube 


Table  7.  Shipping  tray  integrity  test  results 


Test 

number 


Temperature 


(°F) 


Humidity 

X  I  kPa 


Metering  Donor 
valve  reaction 

setting  Yes  I  No  |  Yes  1  No 


Remarks 


Table  7.  Shipping  tray  integrity  test  results  (coat) 
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Figure  1.  Tost  setup  for  input/output  transfer  tube  tests 


Figure  5.  Indexing  dial  nest  integrity  test  setup 
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Figure  6.  Shipping  tray  integrity  test  setup 


Figure  11.  Damage  to  test  area  when  50  stab  detonators  simultaneously 
initiated  during  intra-trav  propagation  tests 


Figure  13-  Damage  to  aluminum  pallet  whan  30  stab  detonators 
simultaneously  initiated  during  the  intra-tray 
nropagation  tests 
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ATTN:  SAULS- IE 
Texarkana,  TX  57701 

Commander 

Longhorn  Army  Ammunition  Plant 
ATTN:  SAHLO-S 
Marshall,  TX  75607 

Commander 

NcAlester  Army  Ammunition  Plant 
ATTN:  SARMC-SF 
McAlester,  OK  74501 

Commander 

Milan  Army  Ammunition  Plant 
ATTN:  SARMI-S 
Milan,  TN  38358 

Commander 

Radford  Army  Ammunition  Plant 
ATTN:  SARRA-IE 
Radford,  VA  24141 

Commander 

Sunflower  Army  Ammunition  Plant 
ATTN:  SARSU-S 
Lawrence,  KS  66044 

Commander 

Volunteer  Army  Ammunition  Plant 
ATTN:  SARVO-S 
Chattanooga,  TN  37401 

Commander 
Pine  Bluff  Arsenal 
ATTN:  SARPB-SA 
Pine  Bluff,  AR  71601 

Commander 

Rocky  Mountain  Arsenal 
ATTN:  SARRM-SAF 
Denver,  CO  80240 
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